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ABSTRACT

Information on the age and growth of fish is usually related
to one or several of the following items: construction of

age/length keys for direct use in some assessment models (e.g.
Virtual Population Analysis); estimation of growth parameters.
used as inputs in some other models (e.g.. yield-per-recruit);
comparative studies of growth performance in different stocks and

species (i.e., in studies of environmental factors affecting
growth); and studies of the anatomical and physiological
mechanisms underlying the growth performance in fish. The
relative importance of these aspects is discussed in the context

of fisheries management in the Northeast Atlantic. Kuwait and
Southeast Asia, which are considered as representative of three
major types of situations encountered worldwide in fishery
management.

The collection and analysis of age and growth of fish

information is a time-consuming activity. It may be a
preoccupation of some fishery biologists. This Symposium is
certainly not the place to challenge the relevance of this
activity. What should be done here. however, is to ask ourselves
why knowing about the age and growth of fish is important. and
what are the uses to which such knowledge is being put in
different parts of the world .

I have not undertaken a formal review; rather. I have chosen
a comparative approacb, in which the points I want to make are
illustrated by the research (and/or routine assessments)
conducted in three specific areas of the world: Northeastern
Atlantic, Southeast Asia, and Kuwait.
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The first area. the Northeastern Atlantic. corresponds
roughly to the jurisdiction of the International Council for the
Exploration of the Sea (ICES). Scientists working there operate
in developed countries on heavily exploited resources. about
which a considerable amount of previous knowledge exists.

Southeast Asia. besides having the world's most diverse
marine fauna. is characterized by extremely strong pressures on
its natural resources and the lack of conservation of those
resources. The fisheries differ in a number of important
features from those of high latitudes. Among the differences
important to fishery management are "the short life-span of the
bulk of the organisms (fish. squids. shrimps. etc.) exploited by
the fisheries. Also. the resources are concentrated in shallow
waters. with commercially exploitable concentrations usually
occurring in waters less than 50 m deep within the coastal belt
accessible to artisanal fishermen. Fisheries research in
Southeast Asia is hampered by a number of factors. the key one
probably being the shoestring budgets under which most of the
laboratories operate. Factors hampering fishery management are.
in the main. governments' inabilities to formulate a
science-based fishery policy and to enforce regulations.

Kuwait is a small country with enough oil income to set up
and maintain a first-rate research institution" the Kuwait i.

Institute of Scientific Research (KISR); the Fisheries and
Aquaculture Division of KISR is in charge of developing the
marine resources and supplying government with management advice.
The contrast in Kuwait of a sophisticated research institution
and partly underexploited. under-investigated tropical resources
as the object of its research resembles other situations. namely.
those faced by the US National Marine Fisheries Service
Laboratory in Hawaii. in charge of resources in the Central
Pacific; the French ORSTOMlaboratory in Vanuatu. in charge of
South Pacific resources; and the CSIRO Marine Laboratory in
Cronulla. Australia. in charge of the marine resources on the
Northwest Shelf of Australia.

Four aspects of age and growth studies to be considered with
respect to these geographic areas are:

1. aging. age-validation and the construction of age-length keys;
2. estimation of growth parameters using data obtained in (1). or

other methods (particularly length-based methods);
3. comparative studies of fish growth performance;
4. studies of the anatomical and physiological mechanisms

underlying the growth performance of fish.

Only marine fish and fisheries will be discussed.

\.
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FISH GROWTHSTUDIES VS. FISHERIES MANAGEMENT

The NortheastAtlantic Area
The largely international fisheries of the Northeastern

Atlantic area are managed mainly through national quotas (i.e.,
through allocation of annual TAC's a Total Allowable Catch)
within the ICES area, of which a major part overlaps with the
waters of the European Community (EC). TAC's are determined
through a fOrmal and annually repeated sequence to:

Establish age-length keys and compilation of quarterly
catch-at-length and catch-at-age data for all major
exploited species. This work is usually performed in
national laboratories;
Amalgamate several rational data sets into "total
international catch-at-agelf data for each major species and
assessment of these, usually by a form of Virtual Population
Analysis (VPA, see Pope 1972). This analysis is usually
performed by international working groups, whose members are
scientists drawn from the national laboratories of
interested countries.
Review of the working groups' reports and formulation of
management advice by the Advisory Committee on Fisheries
Management (ACFH),a body of ICES whose members (usually
fishery scientists) act as representatives of their
countries. The annual ACFHreportis thensentto the
relevantmanagementauthority,usually a department of the
EC administrationin Brussels; .
Political negotiations over TACs, etc.

Almost all management advice and assessments in the ICES

area are based on annually updated catch-at-age data provided by
this elaborate and expensive research machinery. Some estimates
of the cost of the annual information updates are as high as 80%
of all research costs by major laboratories, which have about 20%
of their overall budget going to ageing and related studies
(see also Casselmanet ale 1986).

Important also is that ageing of very old individual fish in
the context of VPA-oriented research is not mandatory, because
one can create for them a so-called "plus-group" with
corresponding.catch and biomass (Mesnil 1970; also Beamish and
McFarlane 1986).

The fact that the major breakthroughs on the growth of

European fisbes were achieved at the beginning of this century
(see bibliography in Mohr 1927, 1930, 1934) implies that fish
ageing has. in the ICES area, ceased to be a major area of
research; this contrasts with the Mediterranean area, where age

and growtb studies are deemed important enough to justify special
emphasis by a major funding agency (The European Community, in
its guidelines for proposal submission, for the year 1984-1985).

Major insights into the general area of fish growth have
been obtained in the ICES area, however, and these concern the
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relationship between food intake (i.e., predation) and growth

~rformance of individual year-classes. These studies, largely
initiated by the landmark study by Daan (1973) and the work of
the "Danish school" (Ursin 1967; Andersen and Ursin 1977;

Helgason and Gislason 1979; and Sparre 1980), led to a strong
awareness of the role played by major predators in exploited
marine ecosystems and of the relationship between the food
availability and the growth performance of the fishes of a given

year-class. Unfortunately, the models us~d in the North Sea area
required a large data base (e.g., over 10 stomach contents of
North Sea fishes were analyzed in a recent ICES exercise). These
models, therefore, do DOt seem applicable to other areas without
empirical data on trophic dynamics. Additionally, most of the
models used are based on ages instead of size, even when the

latter (e.g., mesh-selection ogives) would be biologically more.
appropriate.

Although the Northeast Atlantic stocks are presently still
managed as single-species stocks, the various multispecies
assessments conducted in the North Sea area, have convinced most

interested parties of the need to account for species
interactions, and of the role of a variable food supply to the
growth and maintenance of fish stocks. It can be expected that
these insights will gradually percolate to other areas of the
world, even if model-building does not evolve to the complex form
it has taken in Western Europe.

SoutheastAsia .

While self-managing artisanal fisheries in Southeast Asia go

back to time immemorial, commercial. fisheries,particularly

bottom trawl fisheries, are quke recent. They started on a
grand scale, after relatively unsuccessful pre World War II
atte m pts by the colooialpowers, in the 50s in the Philippines,
the 60s in Thailand, and the 70s in Indonesia and Malaysia.
These ne w com m ercial fisheries, bursting as they did onto the
national and internationalscene, faced governments wkhout the
institutional apparatus necessary for successfully managing them.
As a .consequence, major fisheriesbecame.overcapkalized a decade
after they started (Pauq 1979).

Half-hearted attempts were undertaken by several governments

to prevent trawlers from fishing too close inshore, particularly
where they were depleting the resources upon which artisanal
fishermen depended. These attempts largely failed,as did
efforts. to increase the mesh size used by these trawlers from the
commonly used 20 111111stretchedmesh. The only"success story"
related to the management of the demersaltrawl fisheries in
Southeast Asia has been the totalban on trawlingin Indonesian
waters (Sarjono 1980). Here successfulenforcement was putin
thehandsof the artisanal fishermen who demanded k.

This shouldnot givethe impression, however, that fishery
biologistsbased in Southeast Asia have been idle. The Jife
histories, mortality rates, and growth parametersof a number of

---
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com m ereial species have been elucidated or estimated (Simpson

1982; Ingles and Pauly 1984). Thus. iJ: has become possiblein
principle to provide management advice based not only on the
generally used surplus production models. but also on suiJ:able
modifications of analyticalmodels such as the yield-per-recruiJ:
model of Beverton and Holt (1957). An example of this is the
length-structured yield-per-recruiJ: model of Beverton and Holt
(1964). which requires estimates of Leo. of the mean sizeat
first capture (L >. and of the ratio M/K (expressing natural
mortalityas relited to growth). This model. which provides
estimates of relative yield per recruit as a function of
exploitation rate (E = F /Z). has been extended for use in a
multispecies context by Sinoda et al. (1979).

Another modelwhich mightturn out to be particularly useful
for Southeast Asian stocks is that of Csirke and Caddy (1983). in
whie h annual catch is plotted on corresponding estim ates of total
mortality(Z) or on the ratio Z/K. These latter quantities can
be estimated through length-converted catch curves (sensu Pauly
1982.1984).or methodsproposed by Jones (1984). i.e..~ining
growth parameter estimates (Leo and K) withlength-frequency
samples. "

It appears that estimatesof growth parameters in commercial
specieswill become increasinglyimportant in Southeast Asia.
Their increasedavailabilitywould make possible the application
of some of the more elaboratemanagement schemes that have been
proposedwhen fisherymanagement institutionsand regulatory
mechanisms have emerged. .

It is my opinion that"dailyrings, often proposed as a
panacea for the ills of those trying to age tropical fish, will
not replace length-frequencydata as the basic source of age and
growth informationon SoutheastAsian fish. Rather, daily rings
will be used to corroborateinferencesdrawn from length-
frequencydata (Gj~saeterand Sousa 1983). An even better
approach is to simultaneouslyestimate growth parameters from
length and age data, as is now possible using a method proposed
by Morgan (1986).

Kuwait

~ interesting intermediate stage between the large-scale,
routine ageing activities in the North Atlantic area and the
difficult stage in which fishery research finds itself in
Southeast Asia is provided in Kuwait. There, management advice
is actively sought by both government and industry, and a
well-equippedand well-staffedresearch institute (KISR), is
faced with stocks not previously investigated.

Studies on fish stocks in Kuwait began in 1980, and a
capability for ageing fish was establishing in °1981. Work at
first concentrated on "age-length keys. It In 1982, fisheries
scientists in Kuwait also began using the ELEFAN I program of
Pauly and David (1981), a computer-based objective method for the
estimation of the growth parameters L~ and K of the von
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Bertalanffy growth function from length-frequency data. Also.

l~ngth-converted catch curves were used for the estimation of
total mortality and estimation of mean length at first capture
using the ascending. left arm of the curve (Pauly 1984; Morgan
1985).

Of the various species investigated in this fashion. only
two Pampus argenteus and Otolithes argenteus are actually

short-lived enough for the unmodified ELEFAN I program to be

directly applied to them. In these two cases. results were
obtained from the length-based analysis which matched closely

those obtained from an age-based analysis (Morgan. 1985;
.Mathews and Samuel 1985).

Encouraged by this. the KISR researchers then attempted to

apply the length-based ELEFAN methods to longer-lived fishes (for
which the method was not originally designed). notably to
Epinephelus tauvina. Lutjanus coccineus (- L. malabaricus)
and Acanthopagrus latus. The results of these studies.

reported in a number of technical reports. were summarized by
Mathews (1986). They suggest that approaches based solely on

length data become increasingly more unreliable as the
investigated fish become longer-lived. This observation is
confirmed by recent Monte-Carlo simulation studies of ELEFAN I

(Hampton and Majkowski 1986; Rosenberg and Beddington 1986).
which show that growth parameters estimated by ELEFAN I become

increasingly biased when the overlap between adjacent length-
frequency distributions increases. as occurs in fish with a long
life-span and/or a long recruitment season. This bias is in part
self-compensatory. with the overestimation of L~ partly

compensating for the underestimation of K. and the resulting
growth curves being very similar to the original curves.

The optimum solution to this problem. however. is the use.of
additional information on the growth of the fish concerned.

either in the form of growth increments. i.e.. tagging data

(Kirkwood 1983). or. preferably. age-length data pairs obtained
by reading otoliths. However. as emphasized by Morgan (1986).
the goal. when working with both age- and length-frequency data.
should not be for these to be analyzed separately. but to combine

the strength of age-based and length-based approaches such that a
single set of precise and accurate growth parameter estimates is
obtained through simultaneous analysis of both types of data.

Morgan (1986) recently developed a method to perform such
combined analysis. The method. a modification of ELEFAN I soon
to be made available as "ELEFAN IV." estimates a best set of

growth parameters from length-frequency data. age-length pairs
obtained from reading of hard parts. and growth-increment data
resulting from tagging/marking experiments. or any combinations
of the three data types.

Exercises conducted to date with this method (Morgan 1986.

and pers. comm.) suggest that it will provide cost-effective
estimation of growth parameters in long-lived fi~hes. because the
age information obtained from otoliths (i.e.. the information
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that is usually the most costly to obtain) is not used to
determine the shape of a growth curve. Rather it is used to

select from the number of local optima on the response surface
generated by the analysis of the length-data the one that is most
compatible with the available age-length observations.

This precedure requires length-frequency data and only a few

age readings to achieve stability of growth-parameter estimates
(Fig. 1). This is a feature of particular interest in areas where
fish destined for ageing studies must be purchased from fishermen
(Morgan 1983). and in which the expertise for otolith readingmust
be imported (Mathews 1986).
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Fig. 1. Schematic representation of the effect of incorporating

age-at-1enltb information into an analysis of

length-frequeacy data using ELEFAN V. Number of

age-length data paira in ordinate scale.needed to

atabilize growth parameter estimate stem from analysis of

data on Lutjanus coccineus (G. R. Horgan. pers.

comm.).

Grow th studiesof fishare being conducted in Kuwait for
stockassessment,and also to identifyspeciessWtabIe for
maric ulture. In both Europe and Southeast Asia the screening of
species for large-scale cuJJ:ure is essentially completed. the
pros and cons of the various species. inclusive of their growth
perform ance under culture. being essentially known. Thus.
research on sea-going salmonids in Europe and on milkfish
Chanos chanos in Southeast Asia tends to be oriented toward
fine-tuning of long-established production systems. such as
genetic im provement of the cu1tivated animals (Gjedrem 1983). or
identification of constraints to intensive production (Chong et
al. 1984). In Kuwait. on the other hand. this stage has not been
reached. and species suitable for m aricukure under Kuwaiti
conditions st:i11 need to be identified.

It can be expected that fish. which in the wild quickly
reach large size. sbou1d be anatomicaUy and physiologicaUy
equipped to perform well under aquacukure conditions (Pauly
1981). In the present Kuwaiti context. this implies that only
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those fish for whicb previous age and growth studies have
"produced evidence of higb growth rates should be screened for
their suitability for maricu1ture.This proceduresaves time and '

resources since it is cbeaper and easier to age fisb than to
obtain Jive fry from the wild and perform growtb experiments witb
them.

DISCUSSION

In te mperate waters, where fisb tend to be longer-1i.vedthan
in the tropics, tbe use of large computers, the choice of
analytic metbods (mainly VPA), and tbe availabilityof detailed
catcb data for tbe major exploited species allow for fishery
management to rely predominantly on catch-at-age information.
Consequently, vast resources are invested in tbe annual
reestim ation of age-length keys. Tbe researcb leading to ageing
metbods for the major exploited species was conducted in the
first balf of the century, and furtber major advances may not be

expected in ageing metbods ££!..!..!!J however, because of
emphasis on multispecies modelling, furtheradvancescan be
expected concerning tbe ecology of fish, particu1arlythe
relationships between food intake (i.e.,predation) and growth,
and hence on the density dependence of growth.

In tropical w~ters, the specific features of the marine
resources and the lack of an adequate infrastructurein the
fisbery sec tor render detailed,species-spec:ificinvestigations
and stock assessmentslessrelevantthan in other areas. Rather, '

"gross" assessment methods have to be used, such as treating a

species assemb1age as if it consisted of a single species. This

situation makes comparative studies of the growth performance of
various species very useful,especiallyfor the identificationof

groups of species similar enough for the m to be lumped for
assessments (Pauly 1979). However, this same situationand the

overaU scarcity of resourc:~sfor research make major advances on
grow th of fish (includingfurtheradvancesbased on dailytings '

in otoliths) unlikely to emerge in the near future from
laboratoriesin the developing countries of the intertropical
belt.

The combination of a well-equippedlaboratory,with a
well-trained staff and little-studiedstocksseems to be mOst
conducive to major advances concerning the growth of fish,
especially as far as cost-effective,length-basedapproachesare
concerned. Recent work conducted in Northern AustraJia by K.
Sainsbu'ry and associates (Sainsbury 1984. Sainsbury and Whitelaw
1984). in Hawaii by Wetherall et al. (1986). in the South Pacific
area by Brouard and Grandperrin (1984); as well as work conducted
in Kuwait and discussed above, illustrate this contention.

. "--
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